Abstract This study tested the potential of small interfering RNAs (siRNA) targeting human peroxisome proliferator activated receptor gamma (PPARγ) to repress the adipogenic effect of alcohol on human bone marrowderived mesenchymal cells (hBMSCs). hBMSCs were cultured from hip replacement surgery patients (n=10). PPARγ-siRNA was transiently transfected into hBMSCs cultured in ostogenic media containing 50 mM alcohol by using a liposome-based strategy. Oil red O staining was used to test the development of differentiated adipocytes, and Alizarin red staining was used to test mineral deposition. Marker genes of adipogenesis (PPARγ2 and aP2) and osteogenesis (Osf2/Cbfa1) were examined through real time RT-PCR and Western blot, respectively. Collagen type I, alkaline phosphatase and osteocalcin protein synthesis of cultures were also assayed. Data were presented as mean ± SD. Differences between the means of the treatment groups were determined with ANOVA. PPARγ-siRNA transfection resulted in significantly lower adipocyte number, increased matrix mineralisation, repressed adipogenic gene markers, up-regulated osteogenic gene marker and bone matrix protein synthesis in the PPARγ-siRNA group compared to controls (P<0.05). PPARγ-siRNA is a useful strategy to inhibit the adipogenic effect and the osteogenic repression of alcohol on hBMSCs. This may be a novel therapeutic intervention for osteopenic disorders in alcoholism and other conditions.
Introduction
The habitual consumption of significant quantities of alcohol is recognised as a major factor for osteopaenia and increased fracture incidence in alcoholics [1] [2] [3] . The current consensus of clinical and experimental studies of alcohol-induced bone loss is that bone remodelling is disrupted because new bone formation is suppressed while only relatively small changes (increase or decrease) occur in bone resorption [4] .
In adults, the osteoblast, which is responsible for bone formation, is derived from multipotential mesenchymal stem cells (MSC) in bone marrow. The capacity of these MSCs to differentiate into osteoblasts has a critical role in the cellular processes involved in the maintenance of the adult human skeleton.
The MSCs have been proven to differentiate into multiple lineages and generate progenitors committed to one or more cell lines [5] [6] [7] [8] . Among these multiple lineages, those of adipogenesis and osteogenesis are the most closely related. An inverse relationship has been demonstrated between osteogenesis and adipogenesis [9] , and there was evidence of transdifferentiation of these cells, suggesting a large degree of plasticity between osteoblasts and adipocytes [10, 11] . Several studies have provided substantial evidence that osteoblasts and adipocytes share a common progenitor: multipotential MSCs in bone marrow [5, 12, 13] . Accumulated evidence of the differentiation switching of these two cell lineages suggests the possible Qiang Huang and Hui Zhang contributed equally to this work.
reciprocal relationship between the two differentiation pathways [9, 11, 14] .
Because the relationship between adipogenesis and osteogenesis is reciprocal and the adipocytic and osteogenic cells share a common lineage, it is possible that inhibition of adipogenesis may provide an approach to prevent or treat osteoporosis or other bone diseases; thus, the signal transduction pathways implicated in these processes are evaluated as potential targets for therapeutic intervention of osteopaenic disorders.
Several's studies [15] [16] [17] have provided evidence that alcohol shifts lineage commitment and differentiation of MSCs from osteogenesis to adipogenesis by upregulation of gene expression for peroxisome proliferator-activated receptor gamma (PPARγ); however, the molecular mechanism underlying the reciprocal relationship is not yet well understood.
Peroxisome proliferator-activated receptor gamma (PPARγ) is a nuclear receptor and regarded as a master regulator of adipogenesis and metabolic homeostasis [18] . It was demonstrated that PPARγ plays requisite and sufficient roles in the regulation of adipocyte differentiation in PPARγ knockout animals [19, 20] . Recent work of Akune et al. [21] has shown that PPARγ deficiency promotes embryonic stem cell osteoblastogenesis but failed to undergo adipogenesis.
RNA interference (RNAi) is an evolutionary conserved post-transcriptional mechanism of gene silencing induced by sequence-specific double-stranded RNA [22] . Over the last few years, RNA interference (RNAi) has been used in functional genomics and offers innovative approaches in the development of novel therapeutics for certain human diseases [23, 24] .
Hosono et al. have reported using an adenovirus-vectormediated RNAi system specific to PPARγ to suppress adipogenesis in a murine preadipocyte cell line (3T3-L1) [25] . Suppressing PPARγ function through the TAK1/ TAB1/NIK cascade leads to cellular differentiation towards osteoblasts rather than adipocytes in multipotent MSCs [26] , which suggests that PPARγ acts as a gatekeeper of multipotency in MSCs. Xu et al. [27] used a simpler liposome-mediated PPARγ-siRNA strategy to inhibit adipocyte differentiation in human preadipocytes and human fetalfemur-derived MSCs; however, they did not test the RNAi effect on osteogensis while adipogenesis was inhibited.
Given the emerging potential of RNAi to target PPARγ, RNAi may provide an alternative approach to prevent the adipogenic effect of alcohol on human bone marrowderived MSCs which may reciprocally enhance the osteogenesis of the multipotent cells. In this study, we cultured human bone marrow-derived MSCs in specific conditions containing osteogenic inducers and alcohol as described by Gong and Wezeman [15] . We examined whether the adipogenic effect of alcohol on human bone marrowderived MSCs could be inhibited by using the RNAi technique targeting the human PPARγ gene and whether the inhibition effect on adipogenesis would result in promotion of osteogenesis.
Methods and materials

Materials
Dexamethasone, β-glycerophosphate, Percoll, L-ascorbic acid 2-phosphate and foetal bovine serum (FBS) were purchased from Sigma (St. Louis, MO). Dulbecco's minimum essential medium (DMEM), Dulbecco's phosphate-buffered saline (D-PBS), and antibiotics/antimycotics were purchased from GIBCO (Grand Island, NY). Opti-MEM I Reduced Serum Medium and Lipofectamine™ RNAiMAX were purchased from Invitrogen Life Technologies (UK). Specific and negative siRNAs were purchased from Ambion. Antihuman aP2, PPARγ and Osf2/Cbfa1 monoclonal antibody were from R&D Systems (USA). Staining solutions and all other biochemical reagents were obtained from Sigma-Aldrich (UK) unless otherwise stated.
Cell preparation and culture methods Human MSCs were harvested from cancellous bony fragments of patients undergoing routine total hip replacement surgery (age range 39-56 years; n=10) after informed consent. All patients showed no evidence of concurrent illness and were not receiving any medications that could affect bone metabolism. None of the patients were alcoholics.
Primary bone marrow-derived MSCs were purified by a modification of Percoll density gradient centrifugation as in previously described methods [5] . When MSC cultures became nearly confluent, cells were trypsinised and plated in 75 cm 2 flasks or 6-well plates for protein analyses or RNA analyses and histochemical analysis, respectively, after siRNA transfection. Cells were used for siRNA transfection/adipogenic induction/control at passage two or three only.
Cell surface markers were evaluated by flow cytometry (Cytomics FC-500, Beckman Coulter, Fullerton, CA, USA) using the monoclonal antibodies conjugated with fluorescein isothiocyanate (FITC) or phycoerythrine (PE): CD34-FITC, CD105-PE, CD166-PE.
Transfection of PPARγ-siRNA FAM™ Labeled Negative Control siRNA #1 (a fluorescent random siRNA) was used to monitor and optimise siRNA transfection in hMSC by using Lipofectamine™ RNAi-MAX as a carrier. Negative siRNA has no significant homology to any known human gene sequences (Ambion manufacturers held data).
siRNA transfection was performed on MSCs after cells were seeded and grown to approximately 50% confluence. Cells were transfected with Silencer™ validated siRNAs targeting PPARγ (validated siRNAs ID 5821, cat. #51323; Ambion, Inc.) using Lipofectamine™ RNAiMAX transfection agent according to the manufacturers' instructions. Briefly, the Lipofectamine™ RNAiMAX was diluted and incubated in non-serum DMEM for 15 minutes and mixed with siRNA diluted in non-serum DMEM for an additional 15 min to form the transfection complexes. Transfection complexes were added onto the cells of which culture medium was replaced with non-serum DMEM prior to transfection. Lipofectamine at 0.2% (v/v) and PPARγ-siRNA (60 nM) were used in a total transfection volume of 2.4 ml per well or 8 ml per flask. Six hours after adding the transfection complex, cell culture medium was changed into DMEM containing 10% FBS.
Where appropriate, Lipofectamine and negative siRNA (validated Silencer™ negative control #1 siRNA, cat. #4611; Ambion, Inc.) were established in parallel to demonstrate nonspecific effects of gene silencing and to confirm the transfection procedure, respectively.
Treatment groups and adipogenic induction
When treatment started (day 0), MSCs at passage two or three were cultured in the following six conditions: (1) Normal cell control group: medium with no additions except for 10% FBS; (2) Osteogenic control group: medium to which osteogenic inducers (10 mMβ-glycerophosphate, 50 μg/ml ascorbic acid, and10 -7 M dexamethasone) were added; (3) Adipogenic control group [16] : medium containing 10% FBS, 50 mM alcohol, and osteogenic inducers; (4) Lipofectamine control group: medium containing 10% FBS, 50 mM alcohol, the osteogenic inducers and transfection reagents Lipofectamine; (5) Negative siRNA control group: medium containing 10% FBS, 50 mM alcohol, the osteogenic inducers and MSCs transfected with negative PPARγ-siRNA; (6) PPARγ-siRNA group: medium containing 10% FBS, 50 mM alcohol, the osteogenic inducers and MSCs transfected with PPARγ-siRNA.
We chose the concentration of alcohol (50 mM) because previous studies have reported that the half-maximal effective concentration of alcohol to inhibit osteoblast proliferation in vitro is approximate 50 mM, a level within the physiological range observed in actively imbibing alcoholics [28] .
Due to the volatile nature of alcohol, its concentration was maintained by placing a reservoir containing the same concentration of alcohol in a chamber during culture. The reservoir was replenished daily [29] .
Oil red O staining and quantitation
For morphological assessment of adipogenesis, the accumulation of intracellular lipid droplets was visualised by being stained with Oil red O. The cells were fixed in 4% neutral buffered formalin for ten minutes followed by washing with 3% isopropanol, and then incubated with a newly filtered Oil red O staining solution for one hour at room temperature. After staining, the cells were rinsed with double-distilled H 2 O. Cells were considered as lipidpositive when droplets were stained red under a light microscope. Lipid-positive cells were counted under nine different microscopic fields (×200 magnification), with three fields per chamber slide to get the average number of lipid-positive cells for each group.
Alizarin red staining
To detect mineral deposition, alizarin red staining was performed on MSCs after cultured in chamber slides for 28 days. Briefly, cells were fixed in 4% formaldehyde in PBS for 45 minutes at 4°C. After being washed with distilled water, cells were exposed to alizarin red (2% aqueous, Sigma) for ten minutes at room temperature and then washed again with distilled water. Finally, cells were observed and photographed under phase contrast microscopy.
Real-time quantitative RT-PCR
Total RNA was prepared from cultures by using the Trizol reagent (Invitrogen) according to the manufacturer's instructions for messenger RNA (mRNA) expression of adipogenic markers (PPARγ2 and aP2) on day six and osteogenic maker Osf2/Cbfa1 on day ten. Quantitative RT-PCR analysis was performed with the QuantiTect SYBR Green RT-PCR Kit (Qiagen, Valencia, CA) using the GeneAmp 5700 sequence detection system (Applied Biosystems) according to the manufacturer's instructions. β-actin was used as a normalisation control. Samples were assayed in six duplicates, and the values were normalised to the relative amounts of β-actin.
Western blot analysis
Cell lysates containing 20-25 μg of protein from six-or ten-day cultures for adipogenic (PPAR-γ2 and aP2) and osteogenic markers (Osf2/Cbfa1) were separated by SDSpolyacrylamide gel electrophoresis and transferred to PVDF membranes (Millipore Corp., Bedford, MA), respectively. The membranes were blocked for one hour in defatted milk (10% in Tris-buffered saline with TWEEN-20 [TBST] buffer) incubated with indicated primary antibodies (1:1000) and then incubated in horseradish peroxidase-conjugated secondary antibody (1:1,000). After washing, the blots were developed by using the SuperSignal West Picochemiluminescent detection system (Pierce, Rockford, IL) and exposed to X-ray film to detect the protein band. Relative densitometric units were determined using the analysis software Diversity Database.
Alkaline phosphatase, collagen-I and osteocalcin assay On day ten, alkaline phosphatase activity was assayed by measuring the formation of p-nitrophenol from p-nitrophenyl phosphate with the ALP Optimised clorimetric test kit according to the manufacturer's instructions. C-terminal propeptide of type I collagen was measured by enzymelinked immunoadsorbent assay with a Metra CICP EIA kit (Quidel, San Diego, CA). For assessing osteocalcin, cultures were added into 10 -7 M 1,25-dihydroxycholecalciferol during the last 24 hours. A Metra Osteocalcin EIA kit (Quidel) was used for osteocalcin production measurement in the culture media from the culture of day ten. The results of alkaline phosphatase activity, type I procollagen and osteocalcin production were standardised to total protein as measured with Bio-Rad total protein assay reagents (Bio-Rad, Hercules, CA).
Statistical analysis
Data are presented as mean ± SD. Differences between the means of the treatment groups were determined with ANOVA. When a significant difference was determined, the Bonferroni post hoc analysis was used, and a P value less than 0.05 was considered significant.
Results
Identification of MSCs
The expression of the surface markers in the MSCs were determined by flow cytometry using the monoclonal antibodies CD34-FITC, CD105-PE, and CD166-PE in the undifferentiated states. The MSCs expressed the CD105 and CD166, markers of MSC, but did not express the CD34, hematopoietic cell markers Accumulation of lipid droplets was observed in all the groups except for the normal cell control group after 24 days. Adipocyte quantification showed that the average lipid-positive cell number in osteogenic controls and cell cultures transfected with PPARγ-siRNA were 3.87±1.64 and 5.12±1.46, respectively, which were significantly lower than the adipogenic control group (64.0% lower, P=0.000 and 52.4% lower, P=0.000, respectively). The number was slightly higher in the PPARγ-siRNA group than in the osteogenic control group; however, the difference was not statistically significant. No significant differences in cell cultures among the Lipofectamine™ RNAiMAX control group, the negative siRNA control group and the adipogenic control group were observed (P=0.835) (Fig. 1) .
Gene expression and protein synthesis for adipogenic markers
Real time RT-PCR analysis showed that compared to the osteogenic control group, the PPARγ2 and aP2 mRNA of adipogenic, negative SiRNA and Lipofectamine control groups were significantly higher (P<0.001). The cells treated with PPARγ-siRNA exhibited 73.8% and 67.8% reductions in endogenous PPARγ2 and aP2 mRNAs, respectively, compared with those in the adipogenic control group (P < 0.001). Otherwise, cells in the osteogenic control group showed slight but significant increase of PPARγ2 and aP2 mRNA expression compared to the normal cell control group (P < 0.001), which may be due to the effect of dexamethasone on adipogenic differentiation of MSCs in the osteogenic inducer [16] .
Furthermore, Western blot analysis verified that protein levels of aP2 corresponding with PPARγ2 were significantly lower in the PPARγ-siRNA group compared with the adipogenic control group (P<0.001). The protein level of PPARγ2 in the osteogenic control group was slightly higher, however, without statistical significance. The aP2 protein level in the osteogenic control group was significantly increased compared to the normal cell control group (P=0.000), although lower than the PPARγ-siRNA group (P=0.000) (Fig. 2) .
Osteogenesis was enhanced in MSCs transfected with PPARγ-siRNA
Mineral deposition
Alizarin red staining showed that throughout the 28-day culture period, the number of calcification nodules in the adipogenic control group was 56.75±4.57 per square centimeter, which was significantly decreased by 35 .51% compared with the osteogenic control group (P=0.000). The cells transfected with PPARγ-siRNA presented 36.6% increased calcification nodules compared with the adipogenic control group (P=0.000), though slightly less than the nodules in osteogenic controls (11.9% less, P=0.004). No significant differences among the Lipofectamine™ RNAi-MAX control group, the negative siRNA control group and the adipogenic control group were observed (P=0.877). Due to deficiency of osteogenic inducers in cultures [15] , no calcification nodule was found in the normal cell control group (Fig. 3) .
Gene expression and protein synthesis for osteogenic markers
Quantitative analysis of the mRNA levels by real-time RT-PCR method revealed that Osf2/Cbfa1, the marker gene for osteogenesis in the PPARγ-siRNA group, was up-regulated by 17 .4% compared to the adipogenic control group (P= 0.000), and almost reached the gene level of cells cultured in pure osteogenic medium without alcohol (P=0.302).
Subsequently, Western blot analysis confirmed that the protein level of Osf2/Cbfa1 corresponding with mRNA level was significantly up-regulated in MSCs transfected with PPARγ-siRNA compared with adipogenic controls (25.0% higher, P=0.000), although still lower than osteogenic controls (P=0.000). As other indices observed previously, no significant differences were found among the Lipofectamine™ RNAiMAX, negative siRNA and adipogenic control groups (P=0.75) (Fig. 4) .
Alkaline phosphatase activity, type I collagen, and osteocalcin production assay To further assess the enhancement of osteogenesis induced by PPARγ-siRNA in the MSCs, alkaline phosphatase activity, type I collagen, and osteocalcin production were assayed after ten days of treatment. Alkaline phosphatase activity, type I collagen production and osteocalcin production were all inhibited in cells cultured in medium containing alcohol compared to osteogenic controls (P< 0.05). Cells transfected with PPARγ-siRNA presented 28.6% up-regulation in alkaline phosphatase activity, 58.8% up-regulation in type I collagen production and 33.7% in osteocalcin production compared to the adipogenic control group, respectively (P<0.001), even though Alkaline phosphatase activity and osteocalcin production of these cells were slightly but statistically lower than osteogenic controls (11.7% lower, P=0.011; 7.1% lower, P=0.046, respectively). No significant differences were observed among the Lipofectamine™ RNAiMAX, negative siRNA and adipogenic control groups (P>0.05).
Discussion
Chronic consumption of excessive alcohol eventually not only increases incidence of osteoporosis and fractures, but also delays fracture healing compared with nonalcoholics [4] .
The increase in marrow adipogenesis associated with osteopenia in chronic alcoholics compared with nonalcoholics is well known clinically when medullary cavities of long bones are opened during orthopaedic surgical procedures [30] . These observations in humans can also be recreated in experimental animal models [17, 31] .
The clinical and experimental studies of alcohol-induced bone loss suggest that the changes in the cell dynamics of the marrow tissue may lead to abnormal bone remodelling and result in alcohol-induced bone loss. It is well known that the capacity of MSCs to differentiate into osteoblasts has a critical role in bone remodelling of the adult human [32, 33] .
Marrow adipocytes share a common bone MSC pool with bone-forming osteoblasts; thus, increase of adipogenesis will result in reduction of osteogenesis. Some studies of gene silencing and overexpression have provided insight into critical pathways that determine the fate of these multipotential bone marrow stem cells. One of these pathways-that of the nuclear hormone receptor peroxisome proliferator activated receptor-γ (PPARγ), the master regulator in the process of adipocyte differentiation-when activated, promotes adipogenesis and inhibits osteogenesis [34] [35] [36] .
Alcohol may disturb bone remodelling, which involves both a suppression of osteogenic competence and a Fig. 2 Effect of PPARγ-siRNA on protein levels of PPARγ2 and aP2. The data are expressed as the relative protein levels of PPARγ2 and aP2 divided by corrected GDPH value for the same sample. *P<0.01 versus the adipogenic control group; **P<0.01 compared to the normal cell control group; ***P= 0.000 compared to the osteogenic control group; n=4 promotion of adipogenesis of the MSCs in the marrow. Recently, Gong and Wezeman demonstrated the osteogenic inhibitory effect and adipogenic effect of alcohol on human bone-derived MSCs [15, 16] . They found that the adipogenic effect of alcohol is through upregulation of PPARγ2 at the point of lineage commitment as well as through enhancement of lipid transport and storage through increased aP2 synthesis. Alcohol inhibited MSCs osteogenic differentiation by reducing collagen type I synthesis and alkaline phosphatase activity. In addition, collagen type I gene expression was down-regulated by alcohol.
Our study indicates the potential of specific siRNA to inhibit PPARγ mRNA and reduce the adipogenic effect of alcohol on human bone marrow-derived MSCs, which leads to a concomitant increase in osteogenesis by using ex vivo cell culture systems.
Although adipogenic cells or stem cells are thought typically to be resistant to siRNA transfection [25, 37] , our study confirms that primary human bone marrow-derived MSCs can be efficiently transfected using a liposomalbased strategy. Liposomal reagent control and siRNA control play a necessary role in verifying and specifying . g Data presented as mean±standard deviation of calcification nodules per square centimeter. *P<0.01 versus adipogenic control group; **P<0.01 compared to normal cell control group; ***P=0.004 compared to osteogenic control group specific siRNAs. Negative siRNA and Lipofectamine reagent revealing no inhibitory effect in this study indicates a specific inhibitory effect of PPARγ-siRNAs on adipogenesis in human bone marrow-derived MSCs.
In our study, adipogenesis was evaluated morphologically with Oil red O staining. The adipogenesis observed in osteogenic controls was due to cultures containing osteogenic inducers added with dexamethasone [15] . Moreover, the adipogenic feature of osteogenic inducers could be enhanced by alcohol as described previously [16] . The adipocyte quantification result suggests that the adipogenic effect of alcohol was significantly inhibited by PPARγ-siRNA through specifically down-regulating PPARγ gene expression. This down-regulation was confirmed by both real time RT-PCR and Western blot analysis which showed that cells treated with PPARγ-siRNA exhibited significant reduction in both endogenous PPARγ mRNA and protein product compared to controls. PPARγ, especially PPARγ2 as EBF-1 (early B-cell factor), is a critical transcription factor that induces expression of multiple adipogenic markers and leads to terminal adipogenic differentiation of cells [38] . The correlation between PPARγ gene expression down-regulation and adipogenesis inhabitation observed in this study is consistent with the results of Xu et al. [27] . aP2, one of the well-known downstream genes regulated by PPARγ, serves as a lipid shuttle that dissolves hydrophobic fatty acids and delivers them to the appropriate metabolic system for use [39] . Its expression is induced at a very late stage during adipogenesis differentiation and is routinely considered as a lineage selective marker. In our study, aP2 was inhibited in MSCs transfected with PPARγ-siRNA at both the mRNA and protein levels, which suggested the inhibition of the adipogenic effect of alcohol through PPARγ-siRNA transfection. Moreover, in our study, aP2 followed as the up-regulation of PPARγ gene expression was promoted at both mRNA and protein levels in cultures containing osteogenic inducers and alcohol. This, however, seems at odds with a previous report by Wezeman and Gong [16] , considering that as promoting PPARγ gene expression, aP2 mRNA was not regulated at the mRNA level, although the protein level of aP2 was significantly increased by alcohol. This discrepancy can perhaps be explained by differences of mRNA analysis techniques between ours and previous studies. Wezeman and Gong chose Northern blot which was semiquantitative to detect the changes at mRNA level. However, in our study, we chose real time RT-PCR to detect the more subtle changes of mRNA expression.
Because of the reciprocal relationship between osteogenesis and adipogenesis, we postulated that inhibition of the adipogenic effect of alcohol on human BMSC through siRNA targeting PPARγ mRNA would be concomitant with promotion of osteogenesis.
As we observed, Osf2/Cbfa1, the marker gene for osteogenesis, was significantly up-regulated at both mRNA and protein levels in the PPARγ-siRNA group compared to the adipogenic control groups. Osteoblast-specific factor 2/ core binding factor a1 (Osf2/Cbfa1), also known as RUNX2, is a transcription factor required for commitment of mesenchymal progenitors to the osteoblast lineage [40, 41] . Recent molecular studies and genetic manipulation of Osf2/Cbfa1 in vivo indicated that the expression of Osf2/ Cbfa1 is both necessary and sufficient for MSCs differentiation towards the osteoblast lineage [42, 43] .
PPARγ2 can bind Osf2/Cbfa1 and inhibit its transcriptional activity [44] . As PPARγ mRNA was down-regulated by specific siRNA, and as adipogenesis was inhibited, Osf2/Cbfa1 was promoted at both mRNA and protein levels, which stimulated the osteoblast lineage differentiation of MSCs.
In our study, due to up-regulation of Osf2/Cbfa1, the type I collagen, phosphatase activity, and osteocalcin protein, the early, middle and late stage of osteogenic makers, respectively, increased in the PPARγ-siRNA group compared to the adipogenic control. This result confirms the previous findings that the Osf2/Cbfa1 regulatory element can be found in the promoter of all major osteoblast genes, including type I collagen alpha 1 chain, osteopontin, bone sialoprotein and osteocalcin, all of which are involved in the establishment of an osteoblast phenotype [45] .
These osteogenic effects of PPARγ-siRNA inhibiting adipogenesis were further tested by alizarin red staining Fig. 4 Effect of PPARγ-siRNA on protein levels of Osf2/Cbfa1. The image on the top is the Western blot analyses, below which the data are expressed as the relative protein levels of Osf2/Cbfa1 divided by corrected GDPH value for the same sample. *P <0.01 versus adipogenic control; **P<0.01 versus normal cell control; ***P= 0.000 versus osteogenic control; n=4 detecting calcification nodules. The ability of the extracellular matrix to undergo cell-mediated mineralisation is partially dependent on the synthesis of type I collagen and alkaline phosphatase [46] .
In conclusion, our study confirmed the efficacy of PPARγ-siRNA strategies to reduce the adipogenic effect and the osteogenesis inhibition of alcohol on human bone marrow-derived MSCs. Based on the present and previous evidence, we believe that PPARγ-siRNA may be a novel target for therapeutic intervention of osteopaenic disorders in alcoholism and other osteoporosis conditions.
